Background. Double potentials have been recorded during reentrant tachycardias in animal models. Although they have also been recorded during ventricular tachycardia in humans, their meaning is uncertain.
D ouble potentials have been recorded during various tachycardias in humans as well as in animals.'-10 Animal models of reentrant tachycardia, particularly atrial flutter, have demonstrated that double potentials occur in the functional or anatomic center of the reentrant circuit.12,6,7,9,l Using the concepts of transient entrainment to help clarify the relation of the double potential deflections during human atrial flutter, we proposed that double potentials, which are recorded only during human atrial flutter, may result from a similar mechanism, i.e., that they represent activation at the functional center of a reen-trant circuit.5 Recently, Kay et al8 recorded double potentials during human ventricular tachycardia, but they interpreted their data as indicating that the double potentials immediately bracketed an area of slow conduction in the reentrant circuit.
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tThe same patient as patient 1 on a different day studied off of procainamide. tAt PCL=340 msec. This abrupt change is quite impressive, because the previous St-y recorded with a long value at a slightly longer pacing cycle length (but much shorter than at the longest pacing cycle length) was 520 msec. §At PCL=280 msec. This abrupt change is quite impressive, because the previous St-y recorded with a long value at a slightly longer pacing cycle length (but much shorter than at the longest pacing cycle length) was 530 msec.
Methods
Three patients with both spontaneous and inducible sustained monomorphic, hemodynamically stable ventricular tachycardia were studied. Two patients had coronary artery disease, had had a prior myocardial infarction, and had evidence of left ventricular dysfunction (left ventricular ejection fraction <0.40). One of these two patients had been treated chronically with amiodarone before study. The other patient was studied in the absence of antiarrhythmic drug therapy. The third patient had had surgical repair of tetralogy of Fallot as a child and had both right ventricular dilatation and depressed right ventricular function. He was studied in the absence of antiarrhythmic medication on first evaluation but was then restudied while taking procainamide. Data (AV) node, and the H potential reflects the "exit point," that is, His bundle activation after the impulse exits from the AV node. But neither the A nor the H potential is recorded from the area of slow conduction (i.e., from the AV node).18 In ventricular tachycardia, if recorded double potentials similarly bracketed an area of slow conduction, then the first deflection would represent activation immediately orthodromically proximal to the area of slow conduction, and the second deflection would represent the exit point from that region. However, three lines of evidence from this study indicate that double potentials do not immediately bracket an area of slow conduction.
1) Exit point: In our studies, the second (y) deflection of the double potential was not the earliest site of activation (the exit point) from the area of slow conduction (Figures 1 and 2 ) during ventricular tachycardia. A distinctly different recording site that did not demonstrate double potentials was closer to the point of exit from an area of slow conduction (Figures 1 and 2 ).
Activation of this latter different site was determined to be through an area of slow conduction for the following reasons: During transient entrainment of ventricular tachycardia, the stimulus-to-electrogram interval recorded at this site was long ( Figures 1 and 2) ; this electrogram preceded the onset of the QRS complex during ventricular tachycardia and preceded the second (y) deflection of the double potential, as documented after cessation of pacing (transient entrainment) during the ventricular tachycardia. The latter indicates that during ventricular tachycardia, a site distinctly different from the double potential recording site is closer to the area of slow conduction.
2) Demonstration of the fourth criterion of transient entrainment: The fourth criterion was demonstrated during recording of the double potential electrogram in two patients (Figures 1, 2 , and 5). In these two patients, at a critically short pacing cycle length, the second (y) deflection of the double potential manifested an abrupt decrease in activation time (410 and 290 msec, respectively; Table 1 ) and an abrupt change in morphology. Both indicate a change in direction of the activation wave front responsible for generating this deflection ( Figure 5 ). However, the other (x) potential of the double potential changed neither its morphology nor its activation time (Figures 1, 2, and 5 ). This provides further evidence that the double potentials during ventricular tachycardia do not necessarily immediately bracket activation of an area of slow conduction. Moreover, this demonstration of the fourth criterion of transient entrainment strongly suggests that the double potentials reflect activation wave fronts on either side of the center of block around which the reentrant wave front circulates. This is illustrated diagrammatically in Figure 6 . Thus, initially, one deflection (x) represents the wave front orthodromically proximal to an area of slow conduction, and the other (y) represents the wave front orthodromically distal to the same area of slow conduction. The long interval between each of the FIGURE 5. ECG of transient entrainment of the same ventricular tachycardia as seen in Figures 1 and 2 but now pacing at a shorter cycle length (cycle length, 340 msec). Post, posterior; Ant, anterior; RVOT, right ventricular outflow tract; subscriptp, electrogram recorded from proximal electrode pair and subscript d, from distal electrodepair; S, stimulus artifact; y and x, deflections of double potential recorded from Ant RVOT. Constant and progressive fusion is seen. In the double potential electrograms, although the x morphology does not change, the y morphology changes, and so does its relation to the x deflection, as seen after the last pacing stimulus (y* now precedes x*). A similarphenomenon is seen at the Post RVOT site, because it is now captured with a different morphology and with a shorter activation time. This represents the fourth transient entrainment criterion demonstrated at two separate recording sites, one of which is at a double potential recording site. Numbers are in milliseconds.
deflections of the double potentials reflects conduction of the circulating reentrant activation wave front as it travels through portions of the reentrant circuit, including a region of slow conduction ( Figure 6 ). With the pacing demonstration of the fourth criterion (Figure 6 ), one deflection (x) still represents the wave front activated orthodromically proximal to an area of slow conduction. But now the other (y) deflection represents activation by an antidromic wave front on the other side of the central area of block.
From this analysis of the x and y potentials, it follows that if the site from which the double potentials were recorded did immediately bracket an area of slow conduction (which is not our contention), a change in the direction of activation of the y potential should interrupt the tachycardia (it did not). Furthermore, because the interval from the stimulus to the first (x) deflection was short, it does not reflect activation through an area of slow conduction. And as the interval from the stimulus to the second (y) deflection changed timing (greatly decreased), this too, indicates that this interval does not reflect activation through an area of slow conduction.
Further analysis of Figures 1, 2 , and 5 lends still more support to the conclusion that each potential of the double potential does not immediately bracket an area of slow conduction. In Figures 1 and 2 FIGURE 6 . Schematic ofthe proposed mechanism ofdouble potentials seen here. Left panel is a simplified representation of the reentrant circuit during ventricular tachycardia. The serpiginous line represents a region of slow conduction, the dashed line represents the excitable gap, and the arrows represent activation wave fronts responsible for the double potential with one deflection, x, initiated by a wave front that originates orthodromically proximal to the area of slow conduction and the other deflection, y, originating distal to this area. The doublepotential, DP, is represented as an activation by these two wave fronts outside the reentry circuit and in the functional center. Middle panel represents transient entrainment ofventricular tachycardia at a pacing cycle length of390 msec, comparable to the response seen in Figure 2 . In this case, both deflections of the double potential are captured orthodromically (ortho), but x is captured with a shorter interval than y, because y is activated by a wave front that must first pass through an area of slow conduction. x and y deflections ofthe double potential, paradoxically, appear to be associated by a short interval because of the pacing rate and rate of conduction through the area of slow conduction. In actuality, the short interval represents y activation from the previous beat (n-1) compared with x activation (n). Right panel represents the fourth criterion of transient entrainment. Compare this schematic with Figure 5 . They deflection is now not captured in an orthodromic fashion but, because of the faster pacing rate, is now captured from another direction (anti) even though the x deflection is captured as it was in the middle panel.
potential was recorded. Thus, y* is unlikely to represent an exit point from that area, because it follows activation of the right ventricular outflow tract (which clearly is not the exit point from the area of slow conduction). Also, in Figure 5 , with the last paced (captured) beat, the y* potential appears during the QRS complex of the last captured beat, and the x* potential appears early in the diastolic interval. As evident from the considerable period in diastole from x* to the next y, the reentrant impulse is still traveling through the area of slow conduction. In Figure 5 , activation of y* and the right ventricular outflow tract is not through a region of slow conduction but instead occurs by way of antidromic capture. Activation of y* is earlier in Figure 5 , suggesting that the antidromic activation pathway is different from activation through a region of slow conduction and that it is farther from the region of slow conduction.
3) Pacing near the double potential site: For one patient, left ventricular pacing during ventricular tachy- fact that the paced QRS complex morphology was grossly different from what it was during the ventricular tachycardia suggests that this pacing site was not in the critical area of slow conduction in the ventricular tachycardia reentrant circuit. If it were, and pacing captured the reentrant circuit orthodromically, the QRS complex morphology would be similar during pacing of ventricular tachycardia and during ventricular tachycardia, i.e., there would be concealed entrainment. 15 Subsequent ventricular pacing at the tachycardia cycle length from a site other than the double potential recording site during sinus rhythm did not elicit double potentials at the same recording site ( Figure 9 ). Discussion In this study of patients, the techniques and principles of transient entrainment helped us to understand the nature of double potential electrograms recorded during ventricular tachycardia. Specifically, the data from these studies demonstrate that 1) double potentials recorded only during ventricular tachycardia are related to the reentrant circuit; 2) double potential deflections recorded during ventricular tachycardia neither immediately bracket an area of slow conduction in the reentrant circuit nor identify the immediate point of exit of the circulating reentrant wave front from an area of slow conduction; and 3) during transient entrainment a) double potentials were associated by the longer interdeflection interval, each deflection being associated with separate but consecutive QRS complexes, and b) the deflections of the double potential can be dissociated by the short interdeflection interval during transient entrainment. The demonstrated relation between each deflection of the double potential suggests that the double potential represents an area of functional block about which the reentrant wave front circulates, with each deflection of the double potential reflecting conduction on either side of this area of functional block.
These data and their interpretation are consistent with studies in animal models of atrial flutter, in which Data from this study indicate that the most likely explanation is that double potentials represent activation wave fronts on either side of an area of block around which the reentrant circuit circulates in these cases of ventricular tachycardia.
